The mechanical behavior of an X2080 Aluminum-Silicon Carbide (SiC) 20 volume percent metal matrix composite (MMC) was studied by incremental testing under a plane stress/plane strain deformation field. The specimens were tested at different actuator speeds(strain rates varied by a factor of ten) until they fractured. The true stress-strain curves were approximated mathematically in the region of uniform plastic deformation by power law hardening, σ = Κε η . As the strain rate increases, the tensile strength and the ductility increase. Very little necking was observed in this MMC under the above conditions. The effect of strain rate on the fracture mode was inconclusive Based on fractographic observations, a mechanism is proposed for the mode of fracture at low and high strain rates for this MMC.
applications especially discontinuous fiber and particulate MMCs.
Strengthening of the components of the composite is a significant advantage from a engineering perspective. It is imperative then to obtain a clear understanding of the deformation behavior and the fracture processes of MMCs under various conditions to improve the properties and the processing methods of composites. The quasi-static mechanical behavior and fracture of particulate MMCs have been extensively studied from the perspective of material parameters(l-4). However, the mechanical behavior of these MMCs under dynamic conditions have not been thoroughly studied. Dynamic testing of these composites have been carried out under a variety of strain rate ranges and loading modes and the results obtained to date have been, to say the least, conflicting (5) (6) (7) (8) (9) . Although many particulate MMCs are available, the most popular MMC system is the Al/SiC composite. The research presented here proposes to characterize the deformation behavior of a specific system, namely the X2080Al/SiC p MMC under the effect of varying strain rate based on the analysis of tensile test results. The strain rate was varied only by a factor of ten because of testing restrictions. The deformation field to which the specimens were subjected was combined plane stress/plane strain which is normally encountered in various processing environments. Such a combined field was obtained by the special specimen geometry used. The tests were also carried out under incremental loading conditions. Incremental testing, which is tedious, was adopted to study in depth the behavior of this MMC at various strain levels. (10) (11) (12) . That is, in the intial stage of deformation, there is free lateral(in-plane) contraction in the width direction giving rise to the plane stress state especially along the edges of the gage section of the Clausing specimen. In the later stages, the deformation in the gage section is constrained by the thicker grip sections thus, developing a plane strain field in the center of the specimen.
Π. EXPERIMENTAL PROCEDURE

A. Material and Specimen Preparation
B. Mechanical Tests
Incremental tension tests were conducted at room temperature using an servohydraulic mechanical testing machine. The specimens were tested applying different loading rates to fracture. The initial average cross-sectional dimensions of the specimen were measured. These measurements was repeated for every specimen; it was not assumed that the sample preparation was perfectly consistent. Strain markers were made in the gage section to measure displacement in the longitudinal direction. An extensometer was attached to the center of the gage section to monitor the strain during tensile testing. The specimens were loaded to just above the yield point and then the imposed loads were removed. In the unloaded state, optical micrographs at a magnification of 100X were taken of the center and extreme end of the specimen gage section respectively to document the evolution of surface topography with deformation.
The displacement in the longitudinal direction, the width and the thickness were measured once again. The specimens were then reloaded to a greater magnitude of applied tensile stress and a corresponding small strain increment. These were then examined again in the microscope in the unloaded condition and the corresponding dimensional changes were recorded. This procedure was repeated in small strain increments until final fracture occurred.
Each specimen was subjected to at least six increments.
C. Strain Rate Conditions
The mechanical testing machine is capable of varying the speed of the actuator. Five specimens were tested incrementally applying different actuator speeds in each case up to the fracture limit of the specimen. As the actuator moved the time in seconds was measured with a digital chronometer for each deformation increment. The strain was obtained by dividing the elongation of the gage length of the specimen by its original length. Each strain increment was divided by its respective deformation time to obtain the average strain rate for each specimen. The actuator speeds were separated into two categories: low speeds for which the average strain rates were calculated to be 2.58E-4/s, and 2.69E-4/s and faster speeds for which the average strain rates were 2.28E-3/s and 2.46E-3/s. The deformation behavior depends on many factors, such as loading condition, strain rate, material, and geometry of the component. It is to be noted that the plane-strain condition provided by the geometry of the Clausing specimen is conducive to reduced ductility. Higher actuator speeds(hence higher strain rates) were not used because of the physical impossibility of performing incremental tests at such speeds for the brittle MMCs. The results and observations will focus on the two strain rates: lower strain rates in the first group and higher strain rates in the second group, as presented in Table I . The method described above was used for calculating the strain rates because of the absence of any significant necking in the Clausing specimens for this particular MMC. 
ΙΠ. RESULTS AND DISCUSSION
The true stress-true strain curves are shown in Fig. 2 . The elongation to fracture and the ultimate tensile strength increased with higher actuator where η is the strain-hardening exponent, Κ is the strength coefficient and ε ρ is the plastic strain was used. The double logarithmic true stress-strain plots are shown in Figure 3 . These data were curve fitted using a commercial To elucidate the hardening behavior of the X2080 Al-SiC MMC at the two different strain rates, a plot of the strain-hardening rate (do/de p ) versus true stress σ is given in Figure 4 . As can be observed, the curves coincide to a good 
extent.
The point of necking at maximum load can be obtained from the point where the rate of strain hardening equals the stress. According to Figure   4 it is obvious that a neck cannot form before fracture in the material being investigated because none of the data points corresponds to da/d£p = σ. This is clearly observed for the Clausing specimens made from the X2080 Al-SiC MMC where there is no neck formation during deformation. Table III shows the values of average thickness measured at the center and at the extremes throughout the process of deformation. As explained earlier, the Clausing specimen because of its special geometry, normally shows lateral necking in the initial stages of deformation and through-the-thickness necking in the final stages of deformation (12) . Also, the final fracture usually begins at this latter neck at the center of the gage section. For this X2080 Al/SiCp composite very little lateral necking was observed. However, the thickness at the extremes of the gage section was severely reduced even though at the center of the gage section the thickness did not undergo considerable deformation, as is noted from Table III . This is believed to be the result of the lateral constraint caused by the geometry of the Clausing specimen coupled with the low transverse toughness of this MMC. During the process of deformation of the composite, crack-like features developed parallel to the tensile axis. The lateral constraint due to the low ductility of the composite, especially under the plane strain condition, restricts deformation in the width direction and causes these crack-like features to nucleate in a direction parallel to the loading axis, as is observed in Figure 5 .
In the later stages of deformation these crack-like features developed in a direction perpendicular to the loading axis, and contributed to final fracture (13) . It is believed that these crack-like features are actually "splits" or "separations" observed earlier by Krishnadev et al(14) .
Scanning electron micrographs (Fig.6) particles. We believe the strain rate dictates which of these two mechanisms dominate. At lower strain rates decohesion is more probable while at higher strain rates particle fracture is the more probable fracture mechanism. Further experimentation has to be performed to determine the exact fracture mode under varying strain rates.
IV. CONCLUSIONS
For the mechanical and fracture behavior of an X2080 Al/20 vol.% SiCp MMC under plane stress/plane conditions, the following conclusions are drawn:
1. At the higher strain rates, the elongation to fracture and the tensile strength increase. The strength coefficient Κ and the strain-hardening exponent η also increase showing increased hardening behavior.
2. Crack-like features believed to be "splits" developed parallel to the tensile axis in the initial stage of deformation. In the later stage, "splits" also developed in the direction perpendicular to the loading axis. The latter contribute to final fracture. 
4.
The fracture mechanism appears to be the nucleation of voids at both, the precipitate-matrix and the SiC particle-matrix interfaces, coalescence of these voids to form microcracks and the propagation of these cracks around or
